The lifetime of GaAs photocathodes can be greatly improved by introducing Li in the Cs+NF 3 activation process. The surface activation layer of such photocathodes is studied by synchrotron radiation photoemission and is compared with GaAs photocathodes activated without Li. The charge distributions of N, F and Cs experience significant changes when Li is added in the activation. In addition, the presence of Li causes NF x molecules to take an orientation with F atoms on top. All these changes induced by Li hold the key for the lifetime improvement of GaAs photocathodes. a) Corresponding Author. E-mail: ssun@slac.stanford.edu
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GaAs negative electron affinity (NEA) photocathodes have been used in many applications as efficient electron emitters due to their high quantum efficiency (QE). [1] [2] [3] [4] [5] [6] [7] Cs and NF 3 are widely used to activate GaAs, especially for polarized electron sources used in accelerators. 4, 7 However, GaAs photocathodes are sensitive to contaminants so they need to be operated in the very best vacuum environment. This limits the use of GaAs photocathodes in the current generation of accelerators employing RF guns, which generally have a more severe environment than DC guns. Mulhollan et al. found that by adding Li to the Cs+NF 3 activation process, the immunity of GaAs photocathode from contaminants can be enhanced, 8 but the role of Li was not well-understood. In addition,
Li and F interaction is of general interest in many applications, such as the role LiF plays in the improved electron transfer from cathodes to organic light emitting diodes. 9 In this work, synchrotron radiation photoemission is used to study the GaAs photocathode surface activation layer formed by Li, Cs and NF 3 . The changes brought by the addition of Li are more complicated than simple hole-filling as originally expected. 8 The interaction between Li and NF x causes the NF x molecules to take a F-on-top orientation with charge moving towards N. At the same time, two different types of Cs and Li are observed and they are situated at different vertical locations in the activation layer.
The samples used were Zn-doped, p-type GaAs(100) wafers obtained from
American Crystal technology with a doping concentration of 5x10 18 cm -3 . The samples were chemically cleaned in 9% HCl solution for 30s in an argon purged glove bag, then annealed at 400 o C in the UHV chamber for 20 min to remove the surface elemental arsenic produced in the chemical etch. 10 The activation process follows the general Herrera-Gomez, 11 with the spin orbital splitting of Cs 4d fixed at 2.28eV.
The F 1s and N 1s spectra for a Cs+Li+NF 3 activated sample are shown in figure   1 (a) and 1(c), respectively. Spectra for a Cs+NF 3 activated sample are also plotted for comparison. In an earlier study of GaAs photocathodes activated by Cs and NF 3 , Liu et al.
observed the existence of both N and F in the activation layer and concluded that Cs atoms do not completely break NF 3 molecules into N and F atoms to allow formation of the CsF compound. Instead, N and F are still bonded together as N-F clusters. 12 We observed the same thing for Cs+NF 3 activated samples. Although we believe that the N-F cluster is simply the NF 3 molecular form because NF 3 is inert at room temperature, 13 we decided not to draw such a conclusion at this point simply based on the atomic ratio between N and F (0.3±0.1) alone. We use NF x to represent the N-F cluster. Similarly, NF x is also found on Cs+Li+NF 3 activated samples because both N 1s and F 1s peaks are observed and the ratio between N and F does not differ much from Cs+NF 3 activated ones. However, the peak positions of F 1s and N 1s are notably different from Cs+NF 3 activated samples, with F 1s moving towards lower kinetic energy (higher binding energy) by 1.0±0.2 eV and N 1s moving towards higher kinetic energy (lower binding energy) by 0.3±0.1 eV. The peak shifts indicates that the presence of Li changes the charge distribution of NF x , making N more electronegative and F more electropositive.
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The change of F can also be seen in the valence band region plotted in figure 1(b) , where the peak related to F 2p shifts towards lower kinetic energy for Cs+Li+NF 3 activated samples. From figure 1(a) and 1(c), we also observe that the activation layer can retain more NF 3 when Li is added in the activation under comparable NF 3 dosage (27.3L NF 3 for Cs+Li+NF 3 activation and 28.8L NF 3 for Cs+NF 3 activation for the spectra shown).
N 1s and F 1s spectra were also collected at off-normal emission angles, which are more surface sensitive than those collected at 0°. N 1s was taken at hν=500eV and F 1s was taken at 790 eV so that the photoelectrons had similar kinetic energy (around (a) 
